It is generally agreed that soluble carbohydrates are the most available, as well as the original, source of metabolic energy for plants. Hence, studies of the formation, translocation, condensation, hydrolysis and assimilation of these compounds have commanded, and will undoubtedly continue to command, a major place in plant physiological analysis. Separation between soluble and insoluble carbohydrates is here made by classing as insoluble those compounds which require hydrolysis before they can be quantitatively extracted from plant tissues by water or alcohol. In the strictest sense the extraction of dextrins and pentosans is probably accomplished by suspension rather than by true solution, but for analytical purposes they may be termed "soluble" compounds. In the interest of completeness we have included the glucosides under this heading, although it is hardly probable that they should be classed with the carbohydrates from the standpoint of physiological function.
Initial separations
Obviously, the initial separation of soluble carbohydrates depends upon a method of killing the tissue which will inhibit enzyme action. A method of extraction should then be used which will remove only those substances which can be determined together. When a limited number of substances are to be estimated it may be possible to make the initial separation with water. Generally, however, the first separation is best made with alcohol.'
Because of the rapidly increasing solubility of dextrin and other colloids at alcohol concentrations below 70 per cent., and the limited solubility of sugars in strong alcohol, an 80 per cent. solution of alcohol is commonly used. This extraction has the further advantage of generally separating colloidal (protein) and non-colloidal compounds of nitrogen, as well as colloidal and non-colloidal carbohydrates. The end point of the alcoholic extraction should always be determined. As a general rule, soluble carbohydrates will be removed as soon as, or sooner than, soluble nitrogen compounds and one test may thus be made for the two fractions.
A second extraction with water or 10 per cent. alcohol will remove dextrins, inulin and soluble pectins, together with a small percentage of hemicelluloses. In the absence -of free fructose, acid hydrolysis may be applied to this fraction, whereas its use would be impossible if the first and second fractions were combined. This order of extraction is sometimes modified by using 50 per cent. alcohol to ensure complete extraction and then making the extract to 80 per cent. of alcohol to precipitate dextrins and other colloids.
Carbohydrates soluble in eighty per cent. alcohol The alcohol fraction contains the substances classed as sugars and also the glucosides. If the material has been killed by dropping it into sufficient boiling 95 per cent. alcohol to give a final concentration of 75 to 80 per cent., and extraction completed at the same strength, the colloidal carbohydrates, pectins, etc., will be practically excluded. The presence of fructose, which is claimed by HAAs and HILL (4) to constitute more than half of the total sugars in many plants, governs (11), MEAD and HARRIS (8) , and LOOMIS (7) . Hydrogen sulfide and mono-sodium phosphate remove the lead more completely than potassium oxalate, but leave the solution acid. Sodium carbonate and disodiumi phosphate are effective deleading agents but their alkalinity is destructive to fructose, while the use of sodium sulfate is liable to entail difficulties in filtration.
Convenience in clearing usually requires that the lead precipitate be filtered off before deleading. Otherwise the flocculating effect of the clearing reagent is lost and filtration proceeds with difficulty. Reducing impurities may also be returned to solution. As stated above, fructose must not stand with lead acetate and the solution should not be raised above room temperature, either during clearing or after deleading, unless the last traces of lead are first removed.
REDUCTION.-TWO methods of copper reduction are in general use, the two minute boiling of MUNSON and WALKER (9) , and the longer heating at 800 C. of QUISUMBING and THOMAS (10) . Any reduction procedure must be carefully standardized and the method of QUISUMBING and THOMAS appears to have the advantage in that the temperature does not vary with altitude and barometric pressure, and variations of a few seconds in heating time constitute a much smaller percentage error with the longer heating period. It is also claimed that auto-reduction and reduction by sucrose are avoided. The MUNSON-WALKER method has the advantage of complete tables but requires more attention. However, if a simple water manometer is attached to the gas line so that the gas pressure can be adjusted accurately, the heating conditions of the MUNSON-WALKER method can be maintained without great difficulty.
A common, six-hole water bath may be used in the QUISUMBING and THOMAS method if it is provided with a motor-driven stirring device and protected from air currents. Both the bath and the burners should be sur-rounded by an asbestos board screen. With some experience the temperature may be manually controlled with considerable accuracy by means of adjustable pinch cocks and a gas pressure manometer.
In addition to the directions on preparation of crucibles given on pp. 190-191 of the revised methods of the A. 0. A. C. (1) it is advisable to make one or more blank runs with new crucibles until their weight becomes nearly constant. The loss of important samples may be avoided in this way.
DETERMINATION OF REDUCED COPPER.-Direct weighing of cuprous oxide is generally the most convenient method of determining reduced copper for the inexperienced chemist. This method is not "official" for plant extracts but has been shown (6) to give comparable results when sufficient copper can be weighed to reduce the percentage error of the fluctuations in the weight of crucibles. As a general rule, reductions giving less than 20 mg. of copper should not be weighed directly, and even at this figure, the percentage error is high. With a sufficiently large cuprous-oxide precipitate, standard methods of calculation may be used with reasonable assurance of comparable, if somewhat high, results, or an empirical copper factor may be introduced to correct for the low percentage of copper in the precipitate from plant extract reductions. This percentage has been found to be roughly constant for a given lot of material and to vary around a value of 87.2 per cent. copper instead of the theoretical value of 88.8 per cent. (6) .
Many laboratories employ the volumetric-permanganate method of determining copper and feel that with solutions standardized and some practice in titration, it is a more rapid method than direct weighing. With the proper precautions, particularly in standardization of solutions, potassiumpermanganate titration should be preferable for small quantities of cuprous oxide because it eliminates the principal source of error in direct weighing, namely, the fluctuations in the weight of crucibles. The direct titration method of SHAFFER and HARTMAN (12) (5) on apple twigs indicates that in this instance, at least, the proportions of a glucoside seem to follow the total metabolism curve very closely. If glucosides accumulate as a result of metabolic activities, their increase should be a better measure of such activities than the disappearance of sugars, because it would be less directly affected by photosynthesis and hydrolysis.
The term glucosides includes a large number of compounds, some of which are little related beyond the fact that they are all combinations of a reducing sugar and some aromatic substance. They may react as weak bases (solanin only), or as weak acids, or they may be neutral compounds. In general they are soluble in water or dilute alcohol but not in absolute alcohol and are precipitated by basic lead acetate; the acid glucosides are also precipitated by neutral lead acetate, and all are hydrolyzed to reducing sugars and aromatic compounds by mineral acids or appropriate enzymes. The method of estimating a glucoside must, therefore, be specific as to both the glucoside to be estimated and the material from which it is isolated.
The method devised by HARvEY (5) for the estimation of phloridzin in apple wood is based upon the reducing value of the glucose liberated upon the hydrolysis of this compound. A portion of the solution in which sucrose has been inverted by invertase should be used. The difference in reducing value before and after hydrolyzing with 2 per cent. hydrochloric acid for fifteen minutes is calculated as glucose, multiplied by the factor 2.42 and expressed as phloridzin. A similar method could probably be used for arbutin in pear wood. In the case of the saponins, which reduce Fehling's solution both before and after hydrolysis, some means of separation is required which is adapted to the particular compound being determined. The glucosides are of special interest, first because they may be erroneously reported as non-reducing sugars, and second because they offer a suggestive field for future physiological work.
Carbohydrates soluble in water but not in strong alcohol The compounds in this group are present in the plant largely as colloids which are easily suspended in water, but are precipitated by the 80 per cent. alcohol used for extracting sugars. Some of them are removed quantitatively and may be estimated from this fraction. Others are only partially soluble and should be considered here only as impurities in the soluble, or as losses from the insoluble, fraction.
DEXTRIN.-Dextrin is generally present in small quantities in starchbearing tissue. At certain stages, dextrin may form an important part of the weight of starch storage organs. DAVIS and SAWYER (3) report as much as 4 or 5 per cent. of dextrin, on a dry weight basis, from leaves of the Irish potato, collected just after midday. Ten per cent. alcohol is frequently used for separating dextrin from starch in the residue from the alcoholic extract. When 50 per cent. alcohol is used for the first extraction, the dextrin is recovered from the extract by making it to 80 per cent. and allowing to stand. Dextrin is not easily precipitated by basic lead acetate and this material is recommended for clearing the water extract when dextrin and inulin are to be determined separately from the same sample. Neutral lead acetate is preferable at other times. The cleared extract is deleaded, hydrolyzed for 2.5 hours at the temperature of boiling water with 2 PECTIC BODIES.-Because of their partial solubility, pectic bodies may cause difficulty in water or dilute alcohol extractions. Some of these sub-stances precipitate as a gel upon cooling and so are not truly soluble. For this reason their determination will be considered in another section; at the same time they may seriously interfere with the handling of the water extract, particularly from fruits, fleshy stems and roots, and may even make a water or weak alcohol extraction impossible. Difficulties may be minimized by extracting with water or 10 per cent. alcohol at room temperature and by clearing this extract with neutral lead acetate before hydrolysis.
GUMS, HEMICELLULOSES, ETC.-Many materials of a gummy nature are partially soluble in water and must be removed from the dextrin-inulin fraction. Neutral lead acetate is suggested for this purpose. This solubility may also affect the total acid hydrolizable fraction. If, however, the water extract is filtered after cooling, the precipitate can be included in the determination of insoluble carbohydrates according to the outline given in another section of this report.
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